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Detailed Report 

Sphere of the patent application 
(claim 1) 

Claim 1 is concerning a method of preventing electric charging of a plastic mold 
which has the following characteristic: A solution consists of compound A indicated by 
general formula [I] 



(in the formula, Rl, R2, and R3 indicates alkyl groups with 1 or 4 carbon atoms; X 
indicates a halogen atom or C10 4 .), a vinyl compound (B) which is a,P-unsaturated 
carboxylic acid or its ester, amide, styrene, and ester carbonate of unsaturated alcohol, a 
polymerization initiator (C), and a solvent (D). This solution is heated to form a polymer 



CH 3 



[CH2=C-C-0-CH 2 -CH-CH2-N + -R 2 ]X 
II I I 

O OH R 3 
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solution. The plastic mold may be immersed in this solution or the polymer solution can 
be applied to the plastic mold. After this, the plastic mold is heated to at least 60°C for 
10 minutes or more. 

Detailed explanation of invention 

This invention is concerning a permanent method for preventing electric charging 
of a plastic mold. 

In this invention, plastic mold means any molded object which consists of thermo 
plastic resin such as polyolefin, polyethylene, polypropylene, polyvinyl chloride, 
polyester polyamide, polyacryl base resin, or a thermo plastic resin which also has 
additives such as stabilizers, fillers, or pigment. This invention is excellent for use with 
molds which consist of polyamide or polyacryl based resins or their blends, or a part 
molded from polyolefin containing glass fiber. In general, a plastic mold builds a lot of 
static electricity. Because of this, dust is attracted to the surface of the molded part, and 
the value of the merchandise is reduced. In order to prevent this, static preventers have 
been kneaded in the resin to be molded or applied to the surface of the molded part, or 
the molded part can be immersed in a solution containing a static preventer. However, 
the kneading method takes a long time to acquire the static prevention effect. In some 
cases, it may adversely affect the mechanical properties of the plastic. The coating or 
immersion method are inferior because the protection can be washed away. 

This invention produces a long-lasting static prevention effect for a plastic mold 
by co-polymerization of the compound indicated by general formula [I] 

CH 3 Ri 
I I 
[CH 2 =C-C-0-CH2-CH-CH2-N + -R 2 ]X' 
II I I 

O OH R 3 

which is a static preventer and a vinyl compound to acquire a polymer which is soluble in 
water. This is then applied to the surface of a plastic mold. This invention is concerning a 
method of preventing static charging of a plastic mold which has the following 
characteristic: A solution consists of compound A indicated by general formula [I] (in the 
formula, RI, R2, and R3 indicates alkyl groups with 1 or 4 carbon atoms; X indicates a 
halogen atom or CIO4.), a vinyl compound (B) which is a,|3-unsaturated carboxylic acid 
or its ester, amide, styrene, and ester carbonate of unsaturated alcohol, a polymerization 
initiator (C), and a solvent (D). This solution is heated to form a polymer solution. The 
plastic mold may be immersed in this solution or the polymer solution can be applied to 
the plastic mold. After this, the plastic mold is heated to at least 60°C for 10 minutes or 
more. 

Representative compounds used in this invention which are indicated by general 
formula [I] will have RI, R2, and R3 as methyl or ethyl groups and X will be chlorine. 

The compound indicated by general formula [I] used for preparation of the 
polymer solution should be used in the ratio of 10 to 50 wt. parts of the whole. When it is 
less than 10 wt. parts, static prevention is not sufficient. On the other hand, if it exceeds 
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50 wt. parts, it will become water-soluble, and the lifetime of the static prevention effect 
is considerably reduced. 

The vinyl compound used in this invention may be a,|5-unsaturated carboxylic 
acids such as acrylic acid or methacrylic acid; ester groups such as methyl ester, ethyl 
ester; amide groups such as acryl amide, rnethacryl amide; ester carbonates of unsaturated 
alcohol such as styrene, or vinyl acetate. These are preferred because they can be co- 
polymerized with the compound indicated by general formula [I], the polymer will have 
low solubility in water, etc. Methyl methacrylate, rnethacryl amide, styrene, vinyl acetate, 
etc. are especially suitable. The amount of vinyl compound should be 50 to 90 wt. parts. 

The polymerization initiator used in this invention can be a so-called oxidation- 
reduction catalyst which uses a peroxide such as benzoyl peroxide, lauryl peroxide, third 
butyl peroxide, ammon persulfate, or sodium persulfate and hydro sulfite, sulfite, or 
thiosulfite together. The polymerization initiator is generally used in 0.01 to 1.0 wt. part. 

The solvent used in this invention can be an alcohol such as methanol, ethanol, 
benzyl alcohol, ethylene glycol, or propylene glycol since it makes the compound 
indicated by general formula [I] and the vinyl compound soluble. In general, methanol or 
ethanol is used. The appropriate amount of solvent is 100 to 100,000 wt. parts. If it is 
less than 100 wt. parts, the viscosity of the polymer solution is increased, it becomes 
difficult to attach uniformly to the plastic mold. However, if it is more than 100,000 wt. 
parts, the amount of effective static preventing polymer attached to the plastic mold is 
small, and the static prevention effect is not sufficient. 

When the solution of the compound indicated by general formula [I], vinyl 
compound, polymerization initiator, and solvent is prepared in the above ratio and heated, 
the compound indicated by general formula [I] and vinyl compound are easily co- 
polymerized. A polymer acquired by heating this solution for 1 to 24 hours at 60 to 80°C 
will be extremely water resistant when attached to the surface of a plastic mold. 

One method of attaching the polymer to a plastic mold is to heat it after applying 
it by a conventional method such as spraying or immersing. Heating is done to at least 
60°C, preferably 60°C to 160°C, for at least 10 minutes, preferably 10 minutes to 24 
hours. When the plastic mold with polymer attached to it is heated for more than 24 
hours at temperature exceeding 160°C, the plastic mold may be damaged or even melt. In 
addition, the plastic mold must be immersed in the polymer solution at room temperature 
for only a second. 

This method of preventing static on a plastic mold is fast acting. It is very durable 
and water resistant. In addition, it will not the damage appearance of the plastic mold. 
Rather, luster is increased, and it improves merchandise value. 

Next, examples of practice are described. In this example of practice, water 
resistance is determined by the surface resistance measured after leaving the part for a 
predetermined time in 100 ml/min. cm 2 of running water at 25°C and drying it. In 
addition, surface resistance is measured at 23°C and 65 % relative humidity using a 
4329A type insulation resistance meter manufactured by Yokogawa Hewlett Packard 
Corp. 
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Examples of practice 1 to 3, Examples of comparison 1 to 3 

Polypropylene containing glass fiber was injection-molded at 200°C, and a plate 
(surface resistance: 2 x 10 17 CI) was acquired. Next, a solution of 35 g of 

CH 3 Ri 
I I 
[CH 2 =C-C-0-CH 2 -CH-CH2-N + -CH 3 ]Cr 
II I I 

O OH R 3 

65 g of methyl methacrylate, 0.5 g of benzoyl peroxide, and 200 g of methanol was 
heated for 24 hours at 65°C, and a polymer solution was acquired (its viscosity measured 
by Canon viscometer was 850 cm stokes). Methanol was added to make a 5 % methanol 
solution. The molded plate was immersed for 1 second in this solution. After removing 
it, it was heated in an air oven for the temperature and time specified in table 1. When 
this plate was washed for the time specified in table 1, the surface resistance was 
1 measured. The result is also shown in table 1. 



Table 1 





Ex of compl 


Ex of comp2 


Ex of comp3 


Ex of pract 1 


Ex of pract 2 


Heating 
temperature 


50C 


150C 


Heating time 


30 min 


lhr 


5 min 


30 min 


lhr 


Wash 
ing 
time 
(hr) 


0 


5xl0 u a 


4xl0 n Q 


8xio n n 


3xl0 n Q 


2xlO H Q 


2 


5xl0 16 Q 


5xl0 16 Q 


9xl0 15 a 


8xl0 n Q 


8xl0 M Q 


20 








3xl0 12 Q 


4xl0 12 n 


40 








lxlO 12 Q 


lxlO 12 Q. 


100 








2xl0 12 a 


lxlO 12 D 



As long as the surface resistance is 1 x 10 Q or less, there will be no problems in 
actual use. If the temperature of the mold in the air oven is 50°C (example of 
comparison 1 and 2), heating is insufficient, and the surface resistance value becomes 
high in a short time. When the heating time as short as 5 minutes (example of 
comparison 3), the surface resistance value becomes high in a short time. 
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Examples of practice 3 to 4, Examples of comparison 4 to 5 

A three-part base plastic which consisted of acrylonitrile, methyl methacrylate, 
and NBR (composition ratio: 67:33: 12) was molded to form a film (surface resistance: 1 
x 10 16 Q) at 190°C by air-cooled inflation method. Next, a solution of 20 g of 

CH 3 Ri 
I I 
[CH 2 =C-C-0-CH 2 -CH-CH 2 -N-CH 3 ]Cr 
II I I 

O OH R 3 

80 g of methyl methacrylate, 0.5 g of benzoyl peroxide, and 150 g of ethanol was heated 
for 24 hours at 63°C, and a polymer solution was acquired (its viscosity measured by a 
Canon viscometer was 900 cm stokes). Ethanol was added to make a 3 % ethanol 
solution. After the film was immersed in this solution, it was heated in an air oven for the 
temperature and time specified in table 2. The film was washed for the time specified in 
table 2, and surface resistance was measured. The result is also shown in table 2. 



Table 2 





Ex of comp 4 


Ex of comp 5 


Ex of pract 3 


Ex of pract 4 


Heating 
temperature 


50C 


60C 


Heating time 


30 min 


24 hr 


30 min 


24 hr 


Washing 
hours 


0 


7x10' 1 n 


8x10" Q 


5xl0 u Q 


7xlO u Q 


2 


2xl0 15 Q 


4xl0 13 Q 


7xlO u Q 


8xl0 n Q 


50 


8xl0 15 Q 


6xl0 15 Q 


2xl0 12 Q. 


5xl0 n a 


100 






6xl0 13 a 


3xl0 n Q. 



As long as the surface resistance is 1 x 10 Q or less, there will be no problems in 
actual use. If the temperature of the mold in the air oven is 50°C (example of comparison 
5 and 6), heating is insufficient, and the surface resistance value becomes high in a short 
time. 



Example of practice 5 

Low-pressure injection-molding at 260°C was used to make plates from currently 
available polyethylene and polypropylene (surface resistance: 3 x 10 17 Q and higher). 
These plates, a hard polyvinyl chloride plate (surface resistance: 3 x 10 16 £2), and a nylon- 
6 film (surface resistance: 5 x 10 15 £1) were immersed in the polymer solution used in 
examples of practice 1 and 2. After that, the parts were heated for the temperature and 
time specified in table 3. After these molds were washed for the time specified in table 3, 
surface resistance was measured. The result is shown in table 3. 
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Table 3 



Molded product 


polyethylene 


polypropylene 


Polyvinyl 
chloride 


Nylon 6 


Heating 
temperature 


120C 


12UC 


100C 


150C 


Heating time 


20 hr 


20 hr 


10 hr 


3 hr 


Washi 

ng 

time 

(hr) 


0 


3xl0 n ft 


2xlO n ft 


lxlO 11 ft 


lxlO 11 ft 


2 


3xl0 n ft 


3xl0 H ft 


lxlO 11 ft 


lxlO 11 ft 


20 


5xl0 12 ft 


7xl0 12 ft 


2x10" ft 


5xlO n ft 


40 


2xl0 13 a 


lxlO 13 ft 


5xl0 12 a 


5xlO n ft 


100 


4xl0 13 ft 


5xl0 13 ft 


8xl0 12 ft 


6xlO n ft 



1 ^ 

As long as the surface resistance is 1 x 10 Q. or less, there will be no problems in 
actual use. The nylon-6 film has especially good water resistance. 



Examples of practice 6 to 7, Examples of comparison 6 
A solution of 40 g of 

CH 3 Ri 
I I 
[CH 2 =C-C-0-CH2-CH-CH2-N + -CH 3 ]Cr 
II I I 

O OH R 3 

60 g of styrene, 0.5 g of benzoyl peroxide, and 150 g of methanol was heated for 
1 1 hours at 63°C, and a polymer solution was acquired (its viscosity measured by a 
Canon viscometer was 670 cm stokes). Methanol was added to make a 5 % methanol 
solution. Next, a currently available pre-molded polyethylene terephthalate film was 
immersed in the solution and heated in an air oven for the temperature and time specified 
in table 4. This film was washed for the time specified in table 4, and surface resistance 
was measured. The result is shown in table 4. 



Table 4 





Ex of comp 6 


Ex of pract 6 


Ex of pract 7 


Heating temperature 


50C 


120C 


150C 


Heating time 


20 hr 


20 hr 


1 hr 


Washing hours 


0 


2xl0 n Q 


lxlO 11 ft 


2xl0 n ft 


2 


3xl0 12 a 


2xlO u ft 


2xl0 n ft 


20 


lxlO 14 ft 


5xl0 n ft 


3x10" ft 


50 


6xl0 15 ft 


5x10" ft 


5x10" ft 
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* 13 

As long as the surface resistance is 1 x 10 Q or less, there will be no problems in 
actual use. If the temperature is 50°C (example of comparison 6), heating is insufficient, 
and the surface resistance value becomes high in a short time. 

Example of practice 8 

A solution of 30 g of 

CH 3 Ri 
I I 
[CH 2 =C-C-0-CH 2 -CH-CH2-N + -CH 3 ]C104 
II I I 

O OH R 3 

, 70 g of methyl methacrylate, 0.5 g of benzoyl peroxide, and 200 g of methanol 
was heated for 24 hours at 65°C, and polymer solution was acquired (its viscosity 
measured by a Canon viscometer was 800 cm stokes). Methanol was added to make a 5 
% methanol solution. Next, a mold similar to example of practice 5 was immersed in the 
solution and heated in an air oven for the temperature and time specified in table 5. This 
film was washed for the time specified in table 5, and surface resistance was measured. 
The result is shown in table 5. 



Table 5 





polyethylene 


polypropylene 


Polyvinyl 
chloride 


Nylon 6 


Heating 




120C 


130C 


100C 


150C 


temperature 










Heating time 


20 hours 


20 hours 


10 hours 


3 hours 


Washing 


0 


8xl0 10 Q 


9xl0 10 a 


7xl0 10 CI 


8xl0 10 CI 


hours 


2 


2xlO n ci 


lxio 11 ci 


lxlO 11 Q 


9xl0 10 a ' 




50 


2xl0 13 CI 


4xio 13 a 


2xl0 12 CI 


lxlO 11 CI 




100 


5xl0 13 CI 


6xl0 13 CI 


5xl0 12 CI 


lxlO 11 CI 



As long as the surface resistance is 1 x 10 Q or less, there will be no problems in 
actual use. 
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Example of comparison 7 
100 g of 

CH 3 Ri 

I I 
[CH 2 =C-C-0-CH2-CH-CH2-N + -CH 3 ]Cr 

II I I 

O OH R 3 

300 g of water as solvent, 0.5 g of potassium peroxide as catalyst were heated for 
15 hours at 60°C in a nitrogen atmosphere. This solution was precipitated in acetone. 
After it was dried, a homo-polymer was acquired (polymer yield: 96 %). Next, 5 g of this 
homo-polymer was dissolved in 500 ml of methanol. Then a mold similar to example of 
practice 5 was immersed in the solution and heated in an air oven for the temperature and 
time specified in table 6. This film was washed for the time specified in table 6, and 
surface resistance was measured. The result is shown in table 6. 



Table 6 





polyethylene 


polypropylene 


Polyvinyl 
chloride 


Nylon 6 


Heating 
temperature 


120C 


130C 


100C 


150C 


Heating time 


20 hours 


20 hours 


10 hours 


5 hours 


Washing 
hours 


0 


3xl0 10 ft 


2xl0 10 ft 


2xl0 10 ft 


lxlO 10 ft 


2 


5xl0 15 ft 


6xl0 15 ft 


5xl0 14 ft 


7xl0 13 ft 


50 


2xl0 16 ft 


lxlO 16 ft 


3xl0 15 ft 


2xl0 14 ft 


100 








6xl0 15 ft 



Water-resistance was inferior when this homo-polymer was applied. 
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Example of practice 9 

A solution of 30 g of 

CH 3 Ri 
I I 
[CH 2 =C-C-0-CH2-CH-CH2-N + -CH 3 ]Cr 
II I I 

O OH R 3 

70 g of methyl methacrylate, 0.5 g of benzoyl peroxide, and 300 g of ethanol was 
heated for 24 hours at 61°C, and a polymer solution was acquired. Ethanol was added to 
make a 5 % ethanol solution. Next, a plate made of polypropylene containing glass fiber 
like the one used in example of practice 1 above was immersed in this solution for 1 
second and taken out. It was heated for 30 minutes at 100°C. This film was washed for 
the time specified in table 7, and surface resistance was measured. The result is shown in 
table 7. 

Example of practice 10 

A solution of 40 g of 

CH 3 Ri 
I I 
[CH 2 =C-C-0-CH 2 -CH-CH 2 -N + -CH 3 ]Cr 
II I I 

O OH R 3 

60 g of acryl amide, 0.5 g of benzoyl peroxide, and 300 g of ethanol was heated 
for 24 hours at 62°C, and a polymer solution was acquired. Ethanol was added to make a 
5 % ethanol solution. Next, this solution was used to treat a polypropylene plate 
containing glass fiber under similar conditions as example of practice 9 above. After that, 
the surface resistance was measured. The result is shown in table 7. 
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Example of practice 1 1 

A solution of 10 g of 

CH 3 Ri 
I I. 
[CH 2 =C-C-0-CH 2 -CH-CH2-N + -CH 3 ]Cr 
li I I 

O OH R 3 

90 g of vinyl acetate, 0.5 g of benzoyl peroxide, and 150 g of ethanol was heated 
for 10 hours at 60°C, and a polymer solution was acquired. Ethanol was added to make a 
5 % ethanol solution. Next, this solution was used to treat a polypropylene plate 
containing glass fiber under similar conditions as example of practice 9 above. After that, 
the surface resistance was measured. The result is shown in table 7. 



Table 7 





Ex of pract 9 


Ex of pract 10 


Ex of pract 11 


Heating temperature 
Heating time 




100C 
30 min 




Washing 


0 


4x10* 1 Q 


5xl0 u Q 


4x10* 1 Q 


hour 


2 


8xl0 n Q 


8xl0 n Q. 


7xlO n a 




50 


4xl0 12 Q 


6xl0 12 Q 


2xl0 12 a 




100 
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